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ENGINE FUEL REFORMER MONITORING 

FIELD 

The present description relates to a method for operating an 
engine With a fuel reformer. 

BACKGROUND AND SUMMARY 

Fuel reformers can be used to convert alcohol fuels into 
gaseous fuels (reformates) to fuel an engine. For example, an 
ethanol reformer can reform ethanol into a reformate gas 
comprising hydrogen (H2), carbon monoxide (CO), and 
methane (CH4) for combustion in an engine. 

The inventors herein have recogniZed that the amount of 
reformate gas injected into an engine may be based on an 
assumption that the fuel reformer is operating el?ciently, e.g., 
that the reformer reforms a substantial fraction of the fuel into 
reformate. If the reformer is not operating ef?ciently, a sig 
ni?cant amount of non-reformed fuel may be output by the 
reformer. Gaseous fuel reformate may be injected volumetri 
cally into the engine, thus fuel metering errors may result 
When the reformer is not operating el?ciently. Additionally, if 
the fuel reformer outputs a signi?cant amount of non-re 
formed fuel, one or more components of the reformer may be 
degraded and/or unexpected engine knock may occur. 

In one example approach, in order to at least partially 
address the above issues, a method for monitoring a fuel 
reformer Which reforms ethanol into a reformate gas com 
prising H2, CO, and CH4 for fueling an engine, is provided. 
The method comprises: injecting an amount of fuel including 
an amount of ethanol to be reformed into the fuel reformer; 
and indicating degradation of the fuel reformer based on the 
amount of ethanol injected into the fuel reformer and an 
amount of at least one of H2, CO, and CH4 produced by the 
fuel reformer. In some examples, mitigating actions may be 
performed if degradation of the fuel reformer is indicated or 
unexpected engine knock occurs. 

In this Way, errors in metering of reformate delivery may be 
reduced and degradation of various reformer system compo 
nents may be diagnosed and mitigated. Additionally, engine 
knock may be reduced. 

It should be understood that the summary above is pro 
vided to introduce in simpli?ed form a selection of concepts 
that are further described in the detailed description. It is not 
meant to identify key or essential features of the claimed 
subject matter, the scope of Which is de?ned uniquely by the 
claims that folloW the detailed description. Furthermore, the 
claimed subject matter is not limited to implementations that 
solve any disadvantages noted above or in any part of this 
disclosure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs a schematic diagram of an engine With a fuel 
reformer. 

FIG. 2 shoWs an example method for monitoring reformer 
operation based on entry conditions. 

FIG. 3 shoWs an example method for monitoring reformer 
operation. 

FIG. 4 shoWs an example method for determining an 
amount of reformate produced by a reformer. 

FIG. 5 shoWs an example method for performing mitiga 
tion actions if a degradation in a reformer system is indicated 

DETAILED DESCRIPTION 

The folloWing description relates to systems and methods 
for operating an engine With a fuel reformer, a schematic 
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2 
example of Which is shoWn in FIG. 1. Fuel reformers can be 
used to convert alcohol fuels into gaseous fuels (reformates) 
to fuel an engine. For example, an ethanol reformer can 
reform ethanol into a reformate gas comprising hydrogen 
(H2), carbon monoxide (CO), and methane (CH4) for com 
bustion in an engine. 
Use of gaseous reformate in an engine may assist in engine 

cold starts and engine knock reduction, e. g., during high load 
engine operating conditions. 
When employed as fuel in an engine, delivery of reformate 

gas to the engine may be metered and injected volumetrically 
in gaseous form. The amount of reformate gas injected in the 
engine may depend on a variety of conditions, including an 
amount of available reformate, e.g., an amount of reformate 
being produced by the fuel reformer, and/or an amount of 
reformate stored, e.g., in a reformate storage tank. 
Under some conditions, a fuel reformer may not operate 

e?iciently and at least a portion of the fuel fed to the reformer 
may not be reformed. Thus, the reformer output may include 
a portion of reformed fuel and a portion of non-reformed fuel. 
Additionally, under some conditions, condensate may form in 
the output of the reformer. Condensate in reformer output 
may be indicative of the presence of non-reformed fuel in the 
reformer output and/or insuf?cient heating of the reformer 
system. 
An amount of reformate gas injected into the engine may 

be based on an assumption that the fuel reformer is operating 
el?ciently, e. g., that the reformer reforms a substantial frac 
tion of the fuel into reformate. HoWever, When one or more 
components of the reformer are degraded, a signi?cant 
amount of non-reformed fuel may be output by the reformer. 
Since gaseous fuel reformate may be injected volumetrically 
into the engine, fuel metering errors may result When one or 
more components of the reformer are degraded. Additionally, 
unexpected engine knock may occur When a signi?cant 
amount of non-reformed fuel is output by the reformer and 
delivered to the engine. 
A fuel reformer outputting a signi?cant amount of non 

reformed fuel and/or condensate may indicate that one or 
more components of the reformer system are malfunctioning 
or degraded. For example, the fuel reformer catalyst may be 
degraded. 

Various operating conditions of the reformer may be moni 
tored in order to identify, indicate, diagnose, and/or mitigate 
problems With reformer operation. Various example methods 
for monitoring reformer operation are shoWn in FIGS. 2-4. If 
a degradation is identi?ed in a reformer system, various miti 
gating actions may be performed. FIG. 5 shoWs an example 
method for performing mitigation actions if a degradation in 
a reformer system is indicated. 

Turning noW to FIG. 1, a schematic diagram of one cylin 
der of multi-cylinder engine 10, Which may be included in a 
propulsion system of an automobile, is shoWn. Engine 10 may 
be controlled at least partially by a control system including 
controller 12 and by input from a vehicle operator 132 via an 
input device 130. In this example, input device 130 includes 
an accelerator pedal and a pedal position sensor 134 for 
generating a proportional pedal position signal PP. Combus 
tion chamber (i.e., cylinder) 30 of engine 10 may include 
combustion chamber Walls 32 With piston 36 positioned 
therein. Piston 36 may be coupled to crankshaft 40 so that 
reciprocating motion of the piston is translated into rotational 
motion of the crankshaft. Crankshaft 40 may be coupled to at 
least one drive Wheel of a vehicle via an intermediate trans 
mission system. Further, a starter motor may be coupled to 
crankshaft 40 via a ?yWheel to enable a starting operation of 
engine 10. 
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Combustion chamber 3 0 may receive intake air from intake 
manifold 44 via intake passage 42 and may exhaust combus 
tion gases via exhaust passage 48. Intake manifold 44 and 
exhaust passage 48 can selectively communicate With com 
bustion chamber 30 via respective intake valve 52 and exhaust 
valve 54. In some examples, combustion chamber 30 may 
include tWo or more intake valves and/or tWo or more exhaust 

valves. Each intake and exhaust valve may be operated by an 
intake cam 51 and an exhaust cam 53. Alternatively, one or 
more of the intake and exhaust valves may be operated by an 
electromechanically controlled valve coil and armature 
assembly. The position of intake cam 51 may be determined 
by intake cam sensor 55. The position of exhaust cam 53 may 
be determined by exhaust cam sensor 57. 

Intake passage 42 may include a throttle 62 having a 
throttle plate 64. In this particular example, the position of 
throttle plate 64 may be varied by controller 12 via a signal 
provided to an electric motor or actuator included With 
throttle 62, a con?guration that is commonly referred to as 
electronic throttle control (ETC). In this manner, throttle 62 
may be operated to vary the intake air provided to combustion 
chamber 30 among other engine cylinders. The position of 
throttle plate 64 may be provided to controller 12 by throttle 
position signal TP from a throttle position sensor 58. Intake 
passage 42 may include a mass air ?oW sensor 120 and a 
manifold air pressure sensor 122 for providing respective 
signals MAF and MAP to controller 12. 
A fuel injector 66 is shoWn coupled directly to combustion 

chamber 30 for injecting fuel directly therein in proportion to 
the pulse Width of signal FPW received from controller 12 via 
electronic driver 68. In this manner, fuel injector 66 provides 
What is knoWn as direct injection of fuel into combustion 
chamber 30. The fuel injector may be mounted in the side of 
the combustion chamber or in the top of the combustion 
chamber, for example. In some embodiments, combustion 
chamber 30 may alternatively or additionally include a fuel 
injector arranged in intake passage 44 in a con?guration that 
provides What is knoWn as port injection of fuel into the intake 
port upstream of combustion chamber 30. Fuel may be deliv 
ered to fuel injector 66 by a fuel system including a fuel tank 
91, a fuel pump Within fuel tank 91 (not shoWn), a fuel line 90, 
and a fuel rail (not shoWn). 

In some examples, a plurality of fuel tanks may be 
employed. For example, the plurality of fuel tanks may 
include an ethanol fuel tank and a gasoline fuel tank. Each of 
the plurality of fuel tanks may include a fuel pump and vari 
ous other components used to assist in delivery of fuel to the 
engine. 
A fuel reformer 97 is shoWn coupled to exhaust passage 48. 

Fuel reformer 97 is con?gured to reform fuel supplied by fuel 
tank 91 via fuel line 14 into a gaseous fuel reformate. For 
example, When a fuel in fuel tank 91 includes ethanol, fuel 
reformer 97 may be con?gured to reform the fuel into a 
gaseous fuel reformate comprising H2, CO, and CH4. 
A valve 16 may be positioned in fuel line 14 to divert fuel 

delivery either to the reformer or to the engine. Additionally 
a fuel sensor 18 may be disposed in the fuel line to determine 
the type of fuel used, eg folloWing a refueling event. In some 
examples, a fuel evaporator may be employed to vaporiZe the 
fuel supplied to the fuel reformer. Thus, for example, a fuel 
evaporator of vaporiZer chamber may be disposed in fuel line 
14 or Within the same unit as the fuel reformer. Fuel may be 
injected to the reformer by Way of a pump 96 disposed in fuel 
line 14. In some examples, high pressures may be generated 
in the gases passing through the reformer. Thus in some 
examples, pump 96 may include a hydraulic pressure multi 
plier to assist in delivery of fuel to the reformer at high 
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4 
pressures. As another example, fuel may be injected into the 
reformer during loW pressure conditions. For example, fuel 
may be injected into the reformer When the amount of gaseous 
fuel output by the reformer is beloW a threshold value. 

Fuel reformer 97 includes a catalyst 72. In some examples, 
catalyst 72 may include copper at a surface of a thermally 
conductive metal supporting structure, e.g., copper-plated 
Raney nickel. For example, a catalyst may be prepared by 
depositing copper onto a nickel sponge supporting structure 
With high surface area. 

Reformer 97 may use exhaust heat to drive an endothermic 

dehydrogenation of ethanol as it passes through the catalyst to 
promote reformation of ethanol into a gaseous reformate fuel 
comprising H2, CO, and CH4. For example, vaporiZed etha 
nol may pass over the catalyst surface While at an elevated 
temperature. Thus reformer 97 may be thermally coupled to 
exhaust passage 48. For example, catalyst 72 of reformer 97 
may be thermally coupled to a portion of exhaust conduit 48. 
For example, gaseous reformate from ethanol may increase a 
fuel value of ethanol When driven by a free source of heat, e. g., 
exhaust heat. Additionally, gaseous fuels may displace air in 
the intake manifold and thus loWer pumping Work. 

In some examples, fuel reformer 97 may include an elec 
trical heater 98 for additional temperature control of the fuel 
reformer. Also, in some examples, a reformer bypass conduit 
20 may be disposed in the exhaust conduit in order to direct 
exhaust gas aWay from the reformer, e. g., to control the tem 
perature of the fuel reformer. Reformer bypass conduit 20 
may include a bypass valve 22 upstream of reformer 97 to 
control the amount of exhaust gas in thermal contact With 
reformer 97. 

Gaseous fuel produced by the reformer may be injected to 
intake manifold 44 by Way of a gaseous fuel injector 89. In 
other examples, gaseous fuel may be directly injected into 
cylinder 30. Gaseous fuel may be supplied to gaseous fuel 
injector 89 from a reformate storage tank 93. In some 
examples, the pressure of the gaseous fuel output by the 
reformer may be suf?cient to assist in delivery of gaseous fuel 
to the reformate storage tank 93, e.g., due to high tempera 
tures in the reformer. HoWever, in some examples a pump 
may be disposed in a reformate fuel line 69 to assist in pres 
suriZing gaseous fuel output by the reformer. A check valve 
82 disposed in reformate fuel line 69 limits How of gaseous 
fuel from storage tank 93 to fuel reformer 97 When the gas 
eous reformate output by the reformer is at a loWer pressure 
than storage tank 93. In some examples, instead of or in 
addition to the reformate storage tank, gaseous fuel may be 
supplied to a fuel cell, e.g., in HEV vehicles. 

If fuel reformer 97 is supplied With a blend of fuel includ 
ing alcohol, a portion of the fuel that is not alcohol may not be 
reformed, thus may condense. Thus, a heat exchanger 83 may 
be positioned in the reformate fuel line up stream of reformate 
storage tank 93 to assist in cooling of the gaseous reformate 
output by the reformer before it reaches the gaseous fuel 
injection system. In this Way, condensate may be captured in 
the reformate storage tank before reaching the gaseous fuel 
injection system. 
The reformate storage tank 93 may include a drain line 17 

coupled to fuel line 90 to direct condensate from the refor 
mate storage tank 93 to the liquid injection line, e.g., fuel 
supply line 90. As such a check valve 13 may be positioned 
upstream of the intersection of the drain line 17 and fuel line 
90 so as to prevent condensate from ?oWing back to the fuel 
tank. In some examples, condensate from the reformate stor 
age tank 93 may be returned to the fuel tank 91. Additionally 
a condensate metering valve 19 may be disposed in drain line 
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17 to control an amount of condensate delivered to the liquid 
injection line or returned to fuel tank 91. 
A fuel reformer system may include system components 

used by fuel reformer 97 for operation. For example, a fuel 
reformer system may include fuel reformer 97, catalyst 72, 
fuel line 14, electric heater 98, a reformate fuel lines 69 and 
71, reformate pump 96, reformate storage tank 93, drain line 
17, and various sensors and other components coupled 
thereto. 

Combustion chamber 30 or one or more other combustion 

chambers of engine 10 may be operated in a compression 
ignition mode, With or Without an ignition spark. Distributor 
less ignition system 88 provides an ignition spark to combus 
tion chamber 30 via spark plug 92 in response to controller 
12. 
An exhaust gas sensor 126 is shoWn coupled to exhaust 

passage 48 upstream of reformer 97. Sensor 126 may be any 
suitable sensor for providing an indication of exhaust gas 
air/fuel ratio such as a linear oxygen sensor or UEGO (uni 
versal or Wide-range exhaust gas oxygen), a tWo-state oxygen 
sensor or EGO, a HEGO (heated EGO), a NOx, HC, or CO 
sensor. 

An exhaust gas recirculation system (EGR) 73 may be 
coupled to exhaust passage 48 doWnstream of reformer 97. 
The EGR system may include an EGR valve 74 and an EGR 
cooler 75 disposed along the EGR conduit 76. Fuel reformer 
97 may assist in cooling exhaust gas recirculated to the engine 
via EGR system 73. 
An emission control device 70 is coupled to the exhaust 

passage doWnstream of reformer 97. In some examples, emis 
sion control device 70 may be located upstream of reformer 
97. Emission control device 70 can include multiple catalyst 
bricks, in one example. In another example, multiple emis 
sion control devices, each With multiple bricks, can be used. 
In some examples, emission control device 70 may be a 
three-Way type catalyst. In other examples, example emission 
control device 70 may include one or a plurality of a diesel 
oxidation catalyst (DOC), selective catalytic reduction cata 
lyst (SCR), and a diesel particulate ?lter (DPF). After passing 
through emission control device 70, exhaust gas is directed to 
a tailpipe 77. 

Controller 12 is shoWn in FIG. 1 as a conventional micro 
computer including: microprocessor unit 102, input/output 
ports 104, read-only memory 106, random access memory 
108, keep alive memory 110, and a conventional data bus. 
Controller 12 is shoWn receiving various signals from sensors 
coupled to engine 10, in addition to those signals previously 
discussed, including: engine coolant temperature (ECT) from 
temperature sensor 112 coupled to cooling sleeve 114; a 
position sensor 134 coupled to an accelerator pedal 130 for 
sensing force applied by foot 132; a measurement of engine 
manifold pressure (MAP) from pressure sensor 122 coupled 
to intake manifold 44; an engine position sensor from a Hall 
effect sensor 118 sensing crankshaft 40 position; a measure 
ment of fuel reformer tank pressure from pressure sensor 85; 
a measurement of fuel reformer tank temperature from tem 
perature sensor 87; a measurement of air mass entering the 
engine from sensor 120; and a measurement of throttle posi 
tion from sensor 58. Barometric pressure may also be sensed 
(sensor not shoWn) for processing by controller 12. In some 
examples, engine position sensor 118 produces a predeter 
mined number of equally spaced pulses every revolution of 
the crankshaft from Which engine speed (RPM) can be deter 
mined. 

In some examples, the engine may be coupled to an electric 
motor/battery system in a hybrid vehicle. The hybrid vehicle 
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6 
may have a parallel con?guration, series con?guration, or 
variation or combinations thereof. 
Though FIG. 1 shoWs only one cylinder of a multi-cylinder 

engine, each cylinder may similarly include its oWn set of 
intake/exhaust valves, fuel injector, spark plug, etc. Addition 
ally, though FIG. 1 shoWs a normally aspirated engine, engine 
10 may be turbocharged in some examples. 

FIG. 2 shoWs an example method 200 for monitoring a fuel 
reformer based on entry conditions. At 202, method 200 
includes determining Whether entry conditions are met to 
initiate monitoring of a fuel reformer operation. 

In some examples, monitoring reformer operation may 
occur during select engine operating conditions. For 
example, a fuel reformer may be monitored When a tempera 
ture of the reformer is above a threshold temperature. The 
threshold temperature may be a temperature at Which the fuel 
reformer becomes suf?ciently catalytically active. For 
example, methanol may be reformed to H2, CO, CO2 With 
high conversion at approximately 300° C. Ethanol may be 
reformed to H2, CO, CH4 With high conversion at approxi 
mately 270° C. Since heat used to catalyZe the reformer 
reaction may come from a thermal coupling of the reformer 
With the engine exhaust, in some examples the reformer may 
not be monitored immediately folloWing engine cold starts. 

In other examples, various sensor measurements and/or 
model calculations used in monitoring the reformer may be 
based on various operating conditions of the engine and/or 
reformer system. For example, monitoring of a reformer may 
be based on an amount of reformate delivered to the engine. 
Thus, in some examples, reformer operation may not be 
monitored When reformate is not being delivered to the 
engine. 

In other examples, monitoring reformer operation may 
include interrupting a How of reformate to the engine. Thus, 
in some examples, reformer operation may not be monitored 
during engine operating conditions in Which an uninterrupted 
supply of reformate is provided to the engine. For example, 
reformer operation may not be monitored during engine cold 
starts, and/ or high load conditions, Where reformate may be 
used to suppress engine knock or assist in engine cold starts. 

In other examples, reformer operation may be continu 
ously monitored Whenever the reformer is in operation. In still 
other examples, the reformer system may be continuously 
monitored Whenever the engine is in operation. 

If the entry conditions are met at 202, method 200 proceeds 
to step 204. At 204, method 200 includes monitoring fuel 
reformer operation. Various operating conditions and/or com 
ponents of the reformer system and/or engine may be moni 
tored in order to identify, indicate, diagnose, and/or mitigate 
problems With the reformer system. For example, if reformate 
is delivered to the engine to reduce knock, e.g., during high 
load engine operating conditions, but engine knock still 
occurs, then the reformer may be outputting a signi?cant 
amount of non-reformed fuel. Thus, in some examples, a 
degradation of the reformer may be indicated When engine 
knock occurs While injecting reformate to the engine. 
By monitoring a fuel reformer folloWing entry conditions 

Which depend on a plurality of engine and/ or reformer oper 
ating conditions as described above, errors in metering of 
reformate delivery may be reduced and degradation of vari 
ous reformer system components may be diagnosed and miti 
gated. Additionally, engine knock may be reduced. Another 
example method for monitoring a reformer based on an 
amount of fuel injected to the reformer and an amount of 
reformate output by the reformer is described beloW With 
reference to FIG. 3. 
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Turning noW to FIG. 3, an example method 300 for moni 
toring a fuel reformer is shown. In some examples, a reformer 
input may be compared With a reformer output to monitor 
reformer operation. For example, a reformer input may be an 
amount, eg a molar ?oW rate, of alcohol injected into the 
reformer and a reformer output may be an amount, e.g., a 
molar ?oW rate, of reformed alcohol output by the reformer. 
By comparing reformer input and output, operating e?iciency 
of the reformer system may be assessed and a degradation in 
the reformer system may be identi?ed. For example, one mole 
of ethanol input into an ethanol reformer produces three 
moles of reformate output by the reformer When the reformer 
is operating at 100% e?iciency. 

At 302, method 300 includes injecting an amount of fuel 
including an amount of alcohol, e. g., ethanol, to be reformed 
in the fuel reformer. In some examples, fuel injected to the 
fuel reformer may include a blend of alcohol With one or more 

other fuels, e.g., ethanol/gasoline blends such as E85, E50, 
etc. In other examples, fuel injected to the fuel reformer may 
substantially comprise alcohol, e.g., ethanol. An amount of 
fuel injected in the reformer may be a volumetric quantity of 
fuel, e.g. liters. In other examples, an amount of fuel injected 
in the reformer may be a How rate, e.g., a molar ?oW rate of 
fuel injected in the reformer. 

In some examples, high pressures may be generated in the 
gases passing through the reformer. Thus in some examples, 
fuel may be injected into the reformer during loW pressure 
conditions. For example, fuel may be injected into the 
reformer When the amount of gaseous fuel output by the 
reformer is beloW a threshold value. 

At 304, method 300 includes determining an amount of 
alcohol, e. g., ethanol, injected in the reformer. In some 
examples, the amount of fuel injected into the reformer may 
be metered so that the amount is knoWn e.g., as a molar ?oW 
rate of fuel provided to the reformer. 

If the alcohol content of the fuel supplied to the reformer is 
knoWn, then the amount of alcohol injected to the reformer 
may be determined based on the amount of fuel supplied to 
the reformer. HoWever, in some examples, the alcohol content 
of the fuel may be unknown. Thus, in some examples, the 
amount of alcohol injected to the reformer may be based on 
various fuel sensors disposed in the fuel lines or fuel tank to 
determine the amount of alcohol injected in the reformer. In 
some examples, the metering of alcohol may be performed 
When alcohol is in liquid form in order to increase accuracy in 
sensor measurements. For example, a volumetric ?oW or How 
rate sensor may be disposed in fuel line 14 in order to deter 
mine the amount of alcohol injected in the reformer. 

Additionally, various model calculations may be applied to 
one or more sensor measurements in order to determine an 

amount of alcohol injected in the reformer. For example, a 
liquid volume delivered to the reformer may be converted to 
an integrated molar ?oW rate. In some examples, a plurality of 
estimates may used in determining an amount of alcohol 
injected in the reformer. For example, a plurality of estimates 
may be averaged. In some examples, the amount of alcohol 
delivered to the reformer may be stored in a memory compo 
nent of an engine controller for further processing 

At 306, method 300 includes determining an amount of 
reformate produced by the reformer. For example, the amount 
of reformate produced by an ethanol reformer may be an 
amount of at least one of H2, CO, and CH4 produced by the 
reformer. In some examples, the amount of reformate pro 
duced by the reformer may be a molar ?oW rate of reformate 
produced by the reformer based on a pres sure of the reformate 
gas. 
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Determination of an amount of reformate produced by the 

reformer may be based on one or more measurements by a 

variety of sensors. For example, a sonic metering valve 89 
may be disposed in a fuel line betWeen the fuel reformer and 
the engine, e.g., in fuel line 69 or fuel line 71, to determine a 
How rate of reformate produced by the reformer. In some 
examples, gaseous fuel injectors, e.g., gaseous fuel injector 
89, may operate at or near sonic pressure ratios and thus 
constitute the sonic metering valve. In such a case, the amount 
of reformate produced by the reformer may be based on 
pressure and/or temperature measurements upstream of the 
gaseous fuel injectors. In some examples, the amount of 
reformate produced by the reformer may be further based on 
the composition of the gas, e.g., as measured by a sensor 
upstream of the gaseous fuel injectors. As another example, 
the amount of reformate produced by the reformer may be 
based on a pressure of the reformate gas, eg as measured by 
a pressure sensor in the reformate fuel line or reformate 
storage tank. 

Various model calculations may be applied to one or more 
sensor measurements in order to determine an amount of 

reformate produced by the reformer. For example, a pressure 
change in the reformate storage tank may be converted to a 
molar ?oW rate using the ideal gas laW (pVInRT). In some 
examples, a plurality of estimates may used in determining an 
amount of reformate produced by the reformer. For example, 
a plurality of estimates may be averaged. In some examples, 
an amount of reformate produced by the reformer may be 
stored in a memory component of an engine controller for 
further processing. 
An example method for determining an amount of refor 

mate produced by the reformer is described in more detail 
beloW With reference to FIG. 4. FIG. 4 shoWs an example 
method of determining an amount of reformate produced by 
the reformer based on changes in operating parameters of 
various reformer system components. 

Turning to FIG. 4, an example method 400 for determining 
an amount of reformate produced by the reformer is shoWn. In 
some examples, an amount of reformate produced by the 
reformer may be determined based on a pres sure and/ or tem 

perature change of the reformate gas. 
At 402, method 400 includes determining if entry condi 

tions are met for determining an amount of reformate pro 
duced by the reformer based on a pressure change of the 
reformate gas. In some examples, determining an amount of 
reformate produced by the reformer may be based on a pres 
sure change in the reformate line or storage tank due to an 
interruption of reformate gas How to the engine. Thus, the 
entry conditions may include engine operating conditions 
Which increase pressure sensor and/or temperature sensor 
accuracy. 

For example, entry conditions may include humidity less 
than a threshold value, engine load less than a threshold value, 
amount of stored reformate greater than a threshold value, 
and temperature of the catalyst greater than a threshold value. 
Entry conditions may additionally include engine operating 
conditions such that reformate is being delivered to the 
engine. 

If the entry conditions are met at 402, method 400 proceeds 
to 404. At 404, method 400 includes determining if delivery 
of reformate to the engine can be temporarily stopped. For 
example, delivery of reformate may be temporarily stopped 
When the engine is operating under loW load and/or lean 
conditions. If delivery of reformate can be temporarily 
stopped at 404, then method 400 proceeds to 406. 
At 406, method 400 includes stopping reformate How to 

the engine for a duration. The duration may depend on hoW 
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long it takes various sensors to detect a pressure change in a 
reformate fuel line, e. g., in fuel line 69 or fuel line 71, or in the 
storage tank. Thus in some examples, the duration may 
depend on the amount of reformate being injected in into the 
engine (e. g., a How rate). For example, shorter durations may 
be employed With higher ?oW rates. 

At 408, method 400 includes determining an amount of 
reformate output by the reformer based on a pres sure change 
of the reformate gas. For example, a pressure sensor in the 
reformate fuel line or reformate storage tank, e.g. sensor 85, 
may be used to monitor a pressure change folloWing an inter 
ruption of reformate delivery to the engine. In addition to a 
pressure change, one or more other reformer system param 
eters may be used in determining an amount of reformate 
output by the reformer. For example, temperature may be 
monitored during the pressure change, e. g., via temperature 
sensor 87, and the ideal gas laW (pVInRT) used to determine 
a molar ?oW rate of the reformate output by the reformer. 
Once the amount of reformate output by the reformer is 

determined at 408, e. g. after the duration of the interruption of 
reformate delivery to the engine has passed, method 400 
proceeds to 410.At 410, method 400 includes resuming refor 
mate How to the engine if the engine is fueled at least partially 
With reformate. 

In some examples, steps 406 and 408 of method 400 may 
be performed immediately prior to a transition from the 
engine operating With reformate delivery to the engine oper 
ating Without reformate delivery. For example, if an engine is 
fueled With reformate gas during high load conditions to 
suppress knock, steps 406 and 408 of method 400 may be 
performed When engine operating conditions transition to 
loW load conditions Where the engine is operated Without 
reformate. In this Way the amount of reformate output by the 
reformer may be determined Without interrupting reformate 
delivery to the engine. 

At 404, if delivery of reformate to the engine may not be 
temporarily stopped, e.g. during high load operation and/or 
When reformate is assisting in knock reduction, then method 
400 proceeds to 412. 

At 412, method 400 includes determining an amount of 
reformate delivered from the storage tank to the engine. In 
some examples, reformate delivery to the engine may be 
metered so that a quantity or delivery rate is knoWn. For 
example, the amount of reformate delivery may be a How rate, 
or a volume of reformate integrated over a time duration to 
obtain a How rate. In some examples, one or more sensors 

may be used to determine an amount of reformate delivered to 
the engine. For example, a sonic metering valve may be 
disposed in the fuel line betWeen the reformate storage tank 
and the engine, e.g., in fuel line 71, to determine a How rate of 
reformate delivered to the engine. 

At 414, method 400 includes determining an amount of 
reformate stored in the storage tank. Determining an amount 
of reformate stored in the storage tank may be based on one or 
more sensors coupled to the storage tank, e.g., a pressure 
sensor and/or a temperature sensor. In some examples, the 
amount of reformate stored in the storage tank may be a 
reformate storage rate. For example, a pressure sensor in the 
reformate storage tank, e. g. sensor 85, may be used to monitor 
a pressure change in the reformate storage tank While refor 
mate is delivered to the engine. In addition to a pressure 
change, temperature of the gas in the reformate storage tank 
may be monitored during the pressure change, e.g., via tem 
perature sensor 87, and the ideal gas laW (pVInRT) used to 
determine a molar rate of storage of reformate in the refor 
mate storage tank. 
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At 416, method 400 includes determining an amount of 

reformate output by the reformer based on the amount of 
reformate delivered to the engine from the storage tank and 
the amount of reformate stored in the storage tank. For 
example, reformate production rate (rate of reformate enter 
ing the reformate storage tank) may be determined based on 
the change in the amount of reformate stored in the storage 
tank and the rate of reformate delivery to the engine. By 
accounting for reformate out How from the storage tank to the 
engine and the amount of stored reformate gas, reformate 
production may be determined. 

It should be understood that one or more of the steps in 
method 400 described above may be used in determining an 
amount of reformate produced by the reformer in step 306 of 
method 300. Also, multiple estimates may be employed in 
determining an amount of reformate produced by the 
reformer. Multiple estimates may be used to increase accu 
racy and identify a degradation in various system compo 
nents. For example, if one estimate (an outlier) gives an 
amount of reformate signi?cantly different than amounts 
determined With other approaches, then the system compo 
nents used in determining the outlier may be degraded. 

Thus at step 306 in method 300, an amount of reformate 
produced by the reformer may be determined based on engine 
and/or reformer operating conditions, e.g., as described 
above With reference to FIG. 4. By determining the amount of 
reformate output by the reformer, reformer operation may be 
monitored and degradation of reformer system components 
may be identi?ed, e.g., by comparing an amount of ethanol 
delivered to the reformer to the amount of reformate output by 
the reformer as described beloW. 

Continuing With method 300 in FIG. 3, following the deter 
mination of the amount of reformate produced by the 
reformer in step 306, method 300 proceeds to 308. At 308, 
method 300 includes determining a ratio of the amount of 
reformate produced by the reformer, eg as determined in 
step 306, to the amount of alcohol injected in the reformer, 
e.g., as determined in step 304. 
As described above, the amount of reformate produced by 

the reformer may be an amount, e.g., a molar ?oW rate, of 
reformate output by the reformer. LikeWise, the amount of 
alcohol injected to the reformer may be a molar ?oW rate of 
alcohol injected into the reformer. Based on the stoichiometry 
of the reformer reaction, the ratio of the amount of reformate 
produced by the reformer (reformer reaction products) to the 
amount of alcohol injected in the reformer (reformer reaction 
reactants) may be used to determine Whether the reformer 
system is operating ef?ciently. Thus, at 310, method 300 
includes determining Whether the ratio is less than a threshold 
value. 
The threshold value may depend on the stoichiometry of 

the reformer reaction and the identity of the one or more 
products from the reformer reaction. For example, reforma 
tion of ethanol (CH3CH2OH) into H2, CO, and CH4 may 
occur via the folloWing net reaction: CH3CH2OH(g)a 
H2(g)+CO(g)+CH4(g). In this example, 1 mole of ethanol is 
converted into 3 moles of gaseous products. Thus, if the 
reformer system is operating Without degradation at 100% 
effectiveness, the molar ratio of products to reactants may be 
approximately 3. Whereas, if the molar ratio of products to 
reactant is 1 then the reaction is operating With 0% effective 
ness, e.g., no ethanol is reformed. If the molar ratio (e.g., 
based on pressure) of products to reactants is less than 1, 
ethanol vapor may be condensing. 

If the molar ratio of the reformer reaction is less than a 
threshold value at 310, then method 300 proceeds to 312. At 
312, method 300 includes indicating a degradation in the 
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reformer system based on the molar ratio. A degradation in 
the reformer system may be due to a variety of factors. For 
example, a degradation in the reformer system may be due to 
degradation of the reformer catalyst, e.g., due to the age of the 
catalyst. In other examples, a degradation in the reformer 
system may be due to degradation of one or more components 
of the reformer system. 
A degradation in the reformer system may result in a sig 

ni?cant amount of non-reformed fuel being output by the 
reformer. As described above, non-reformed fuel in the 
reformer output may lead to metering errors in the amount of 
fuel injected into the engine. Metering errors in the amount of 
fuel injected in the engine may result in a decrease in engine 
operating ef?ciency, e.g., due to engine knock, engine mis 
?re, etc. Additionally, a degradation in the reformer system 
may result in a signi?cant amount condensate output by the 
reformer. Condensate in reformer output may lead to prob 
lems With reformate storage and delivery. In some examples, 
a drain system may be coupled to the storage tank to return 
condensate to the fuel tank or the fuel lines. 

Further, in some examples, a degradation of the reformer 
system may be indicated based on an engine operating con 
dition. For example, if reformate is delivered to the engine to 
suppress engine knock, e.g., during high load engine operat 
ing conditions, and engine knock occurs, then a degradation 
in the reformer system may be indicated. 

In some examples, a degradation indicated in the reformer 
system may be sent to an onboard diagnostic system. The 
onboard diagnostic system may alert a vehicle operator of the 
indicated a degradation and/or initiate mitigating actions in 
response to the indicated a degradation. 

The molar ratio of products to reactants in the reformer 
reaction may be used to assist in identi?cation of sources of 
the indicated degradation. For example, if ethanol is reformed 
to H2, CO, and CH4 and the molar ratio is less than 1, then 
ethanol condensate may be forming in the reformer or 
reformer output. Condensation formation may be due to 
insuf?cient temperatures and/ or pressures in the reformer or 
reformer fuel lines. HoWever, if the molar ratio is less than 3 
but greater than 1, then the indicated degradation may be due 
to a degraded catalyst in the reformer, for example. 

At 314, method 300 includes performing mitigating 
actions if a degradation in the reformer system is indicated. In 
some examples, mitigating actions may be based on the molar 
ratio of products to reactants in the reformer reaction. As 
described above the ratio may be used to assist in identifying 
components of the reformer system Which may be at degra 
dation. Thus, in some examples, mitigating actions may be 
tailored speci?cally to suspect components of the reformer 
system. Mitigating actions may further include adjusting one 
or more engine operating parameters in response to an indi 
cated reformer degradation. For example, if reformate is 
delivered to the engine to suppress engine knock but engine 
knock still occurs, then one or more engine operating param 
eters may be adjusted to reduce engine knock. For example, 
air charge and/or spark timing may be adjusted to assist in 
knock reduction When unexpected engine knock occurs While 
delivering reformate to the engine. 

In this Way, operation of the fuel reformer may be moni 
tored based on an amount of fuel delivered to the fuel 
reformer and an amount of reformate output by the reformer, 
e.g., based on the reformer reaction stoichiometry. Monitor 
ing a fuel reformer in this Way may assist in identi?cation of 
degraded reformer system components. Mitigating actions 
may be implemented based on an indication of degraded 
system components. Mitigation actions may include adjust 
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12 
ing one or more engine and/ or reformer operating conditions 
based on an indication of degraded system components. 

FIG. 5 shoWs an example method 500 for performing miti 
gating actions in response to an indication of a degradation in 
the reformer system. 
At 502, method 500 includes determining if there is non 

reformed alcohol in the reformer output. Determining if there 
is non-reformed alcohol in the reformer output may based on 
an amount reformate output by the reformer as described 
above With regard to FIG. 3. For example, if the molar ratio of 
the products to reactants of the reformer reaction is less than 
3 then non-reformed ethanol may in the reformer output. 

If non-reformed alcohol is in the output at 502, then 
method 500 proceeds to 504. At 504, method 500 includes 
determining if condensate is in the reformer output. Deter 
mining if condensate is in the reformer output may be per 
formed by using the mole ratio of the reaction as described 
above With regard to FIG. 4. For example, if the molar ratio of 
the products to the reactants of the reformer reaction is less 
than 1 then condensate may be in the reformer output. 

At 504, method 500 includes determining if condensate is 
in the reformer output. As described above, condensate may 
be in the reformer output if the molar ratio of the products to 
reactants of the reformer reaction is less than a threshold 
value, e.g., less than 1. If condensate is not in the reformer 
output at 504, then non-reformed alcohol is in the reformer 
output but is not forming condensate and method 500 pro 
ceeds to 506. 
At 506, method 500 includes injecting fuel in the reformer 

at a reduced rate. For example, a How rate of fuel provided to 
the reformer may be reduced. In some examples, fuel injec 
tion to the reformer may be stopped for a duration and then 
gradually increased until the molar ratio of the reformer reac 
tion approaches a target level, e.g., 3. Method 500 then pro 
ceeds to 508 to determine if the molar ratio is approximately 
equal to the threshold value. If not then, method 500 may 
return to step 506 to continue injecting fuel into the reformer 
at a reduced rate until the molar ratio of the reformer reaction 
approaches the threshold value at 508. 
Once the molar ratio of the reformer reaction reaches the 

threshold value at 508, method 500 proceeds to 510. At 510, 
method 500 includes increasing the amount of fuel injected to 
the reformer, eg the amount of fuel injected to the reformer 
may be increased to an amount or level used before the 
mitigating routine 500 is implemented. 

HoWever, if condensate forms in the reformer output at 
504, e.g., based on the molar ratio of the reformer reaction 
less than a threshold, then the temperature of the reformer 
may not be su?icient to keep alcohol in vapor form as it 
traverses the reformer system. For example, condensate may 
form in the reformer unit, or in the reformate fuel line. 
Method 500 then proceeds to step 512. 
At 512, method 500 includes stopping injection of fuel to 

the reformer. HoWever, in some examples, the amount of fuel 
injected to the reformer may be decreased so that reformate 
may continue to be produced albeit inef?ciently. The method 
then proceeds to 514. 

At 514, method 500 includes determining if the tempera 
ture of one or more components of the reformer system is 
larger than a threshold temperature. The threshold tempera 
ture may be a temperature at Which alcohol Will remain in 
vapor form as it traverses the reformer catalyst and/ or the fuel 
lines in the reformer system, e.g., fuel line 69. For example, 
the threshold temperature may be 78° C. for ethanol. In some 
examples a pressure and/or temperature of one or more com 
ponents of the reformer system may be compared to threshold 
values to ensure that alcohol remains a vapor. 
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If the temperature is less than the threshold temperature at 
514, then method 500 proceeds to 516. At 516, method 500 
includes adjusting temperature of the reformer system, if 
possible, eg via bypass valve 22, electric heater 98, or by 
adjusting one or more engine operating parameters. For 
example, the engine may be run rich for a duration in order to 
increase exhaust temperature thereby increasing reformer 
temperature. Once the temperature is larger than the threshold 
temperature at 514, method 500 proceeds to step 506. 

At 506, method 500 includes injecting fuel in the reformer 
at a reduced rate. In some examples, fuel injection to the 
reformer may be stopped for a duration and then gradually 
increased until the molar ratio of the reformer reaction 
approaches a threshold value, e.g., 3. Method 500 then pro 
ceeds to 508 to determine if the molar ratio is approximately 
equal to the threshold value. If not then, method 500 may 
return to step 506 to continue injecting fuel into the reformer 
at a reduced rate until the molar ratio or the reformer reaction 
approaches the threshold value at 508. 
Once the molar ratio of the reformer reaction reaches the 

threshold value at 508, method 500 proceeds to 510. At 510, 
method 500 includes increasing the amount of fuel injected to 
the reformer, eg the amount of fuel injected to the reformer 
may be increases to an amount used before the mitigating 
routine 500 is implemented. 

Mitigating actions performed in response to an indication 
of a degradation in the reformer system may further include 
adjusting engine operating conditions based on a molar ratio 
of the products to reactants of the reformer reaction. For 
example, if ethanol is reformed to H2, CO, CH4 and if the 
molar ratio of the products to reactants is less than 3, then at 
least a portion of the ethanol is not being reformed by the 
reformer. Thus, the amount of reformate fuel delivered to the 
engine may be increased to compensate for the decrease in 
reformer output. 

In this Way, mitigating actions may be performed in 
response to an indication of degradation of one or more 
reformer system components. For example, one or more 
engine and/or reformer operating conditions may be adjusted 
based on identi?ed degradations in the fuel reformer system. 
Additionally, mitigation actions may be tailored to speci?c 
components Which have been identi?ed as degraded by the 
monitoring routines described above. Thus errors in metering 
of reformate delivery may be reduced and degradation of 
various reformer system components may be diagnosed and 
mitigated. Additionally, engine knock may be reduced during 
high load conditions, for example. 

In one embodiment, a method is provided for monitoring a 
fuel reformer Which reforms ethanol into a reformate gas 
comprising H2, CO, and CH4 for fueling an engine. The 
method may comprise indicating degradation of the fuel 
reformer based on an amount of engine knock Which occurs 
While reformate gas is delivered to the engine. As an example, 
the reformate gas is cooled before being delivered to the 
engine. 

Note that the example systems and methods included 
herein can be used With various engine and/or vehicle system 
con?gurations. The speci?c routines described herein may 
represent one or more of any number of processing strategies 
such as event-driven, interrupt-driven, multi-tasking, multi 
threading, and the like. As such, various acts, operations, or 
functions illustrated may be performed in the sequence illus 
trated, in parallel, or in some cases omitted. Likewise, the 
order of processing is not necessarily required to achieve the 
features and advantages of the example embodiments 
described herein, but is provided for ease of illustration and 
description. One or more of the illustrated acts or functions 
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may be repeatedly performed depending on the particular 
strategy being used. Further, the described acts may graphi 
cally represent code to be programmed into the computer 
readable storage medium in the engine control system. 

It Will be appreciated that the con?gurations and routines 
disclosed herein are exemplary in nature, and that these spe 
ci?c embodiments are not to be considered in a limiting sense, 
because numerous variations are possible. For example, the 
above technology can be applied to V-6, I-4, I-6, V-12, 
opposed 4, and other engine types. The subject matter of the 
present disclosure includes all novel and nonobvious combi 
nations and subcombinations of the various systems and con 
?gurations, and other features, functions, and/or properties 
disclosed herein. 

The folloWing claims particularly point out certain combi 
nations and subcombinations regarded as novel and nonob 
vious. These claims may refer to “an” element or “a ?rst” 
element or the equivalent thereof. Such claims should be 
understood to include incorporation of one or more such 
elements, neither requiring nor excluding tWo or more such 
elements. Other combinations and subcombinations of the 
disclosed features, functions, elements, and/or properties 
may be claimed through amendment of the present claims or 
through presentation of neW claims in this or a related appli 
cation. Such claims, Whether broader, narroWer, equal, or 
different in scope to the original claims, also are regarded as 
included Within the subject matter of the present disclosure. 

The invention claimed is: 

1. A method for monitoring a fuel reformer Which reforms 
ethanol into a reformate gas comprising H2, CO, and CH4 for 
fueling an engine, comprising: 

measuring a How rate of the reformate gas; and 

indicating degradation of the fuel reformer based on a ratio 
of the How rate of the reformate gas to ethanol injected 
into the fuel reformer. 

2. The method of claim 1 Wherein the How rate of the 
reformate gas is determined in response to temporarily stop 
ping reformate gas ?oW into the engine. 

3. The method of claim 1 Wherein the How rate of the 
reformate gas is measured based on a How rate sensor in a fuel 
line betWeen the fuel reformer and the engine. 

4. The method of claim 1 Wherein the How rate of the 
reformate gas is measured based on an amount of stored 
reformate gas and a sonic metering valve in a fuel line 
betWeen the fuel reformer and the engine. 

5. The method of claim 1 further comprising performing 
mitigation actions if degradation of the fuel reformer is indi 
cated. 

6. The method of claim 5 Wherein the mitigation actions 
include adjusting a temperature of the fuel reformer. 

7. The method of claim 5 Wherein the mitigation actions 
include stopping ethanol injection into the fuel reformer. 

8. The method of claim 5 Wherein the mitigation actions 
include injecting ethanol into the fuel reformer only When a 
temperature of the fuel reformer is such that injected ethanol 
Would remain in vapor form. 

9. The method of claim 5 Wherein the mitigation actions 
include reducing an ethanol injection rate into the fuel 
reformer until the ratio returns to a target level. 

1 0. A method for monitoring a fuel reformer Which reforms 
ethanol into a reformate gas comprising H2, CO, and CH4, 
comprising: 
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injecting an amount of fuel including an amount of ethanol 
to be reformed into the fuel reformer; and 

indicating degradation of the fuel reformer based on the 
amount of ethanol injected into the fuel reformer and an 
amount of at least one of H2, CO, and CH4 produced by 
the fuel reformer. 

11. The method of claim 1 0 Wherein indicating degradation 
of the fuel reformer is based on a ratio of the amount of at least 

one of H2, CO, and CH4 produced by the fuel reformer to the 
amount of ethanol injected into the fuel reformer being less 
than a threshold value. 

12. The method of claim 10 Wherein the amount of ethanol 
injected into the fuel reformer is a molar ?oW rate of ethanol 
injected into the fuel reformer and the amount of at least one 
of H2, CO, and CH4 produced by the fuel reformer is a molar 
?oW rate of at least one of H2, CO, and CH4 produced by the 
fuel reformer. 

13. The method of claim 10 Wherein the amount of ethanol 
injected into the fuel reformer is determined When the ethanol 
is in a liquid state. 

14. The method of claim 10 Wherein the amount of at least 
one of H2, CO, and CH4 produced by the fuel reformer is 
determined by temporarily stopping reformate gas ?oW into 
the engine and determining an amount of at least one of H2, 
CO, and CH4 produced by the fuel reformer via a pressure 
rise. 

15. The method of claim 10 Wherein the amount of at least 
one of H2, CO, and CH4 produced by the fuel reformer is 
based on a How rate sensor in a fuel line betWeen the fuel 
reformer and the engine. 

16. The method of claim 10 Wherein the amount of at least 
one of H2, CO, and CH4 produced by the fuel reformer is 
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based on an amount of stored reformate gas and a sonic 
metering valve in a fuel line betWeen the fuel reformer and the 
engine. 

17. The method of claim 10 further comprising performing 
mitigation actions if degradation of the fuel reformer is indi 
cated, the method further comprising delivering ethanol and 
the reformate gas to an internal combustion engine. 

18. A system comprising: 
a fuel reformer Which reforms ethanol into H2, CO, and 

CH4; 
an engine receiving the reformed ethanol; 
a computer readable storage medium having instructions 

encoded thereon, including: 
instructions to indicate degradation of the fuel reformer 

based on an amount of ethanol injected into the fuel 
reformer and an amount of at least one of H2, CO, and 
CH4 produced by the fuel reformer. 

19. The system of claim 18, Wherein the computer readable 
storage medium having instructions encoded thereon further 
includes instructions to perform mitigation actions if degra 
dation of the fuel reformer is indicated. 

20. The system of claim 18, Wherein the amount of ethanol 
injected into the fuel reformer is a molar ?oW rate of ethanol 
injected into the fuel reformer and the amount of at least one 
of H2, CO, and CH4 produced by the fuel reformer is a molar 
?oW rate of at least one of H2, CO, and CH4 produced by the 
fuel reformer and indication of degradation of the fuel 
reformer is further based on a ratio of the amount of at least 
one of H2, CO, and CH4 produced by the fuel reformer to the 
amount of ethanol injected into the fuel reformer being less 
than a threshold value. 

* * * * * 


